The design and packaging of laser-optical system was tested to harsh environments outside lab conditions and post mortem activities will be discussed. Previously, custom mounts and bonded optical assemblies were environmentally tested to ensure their survivability. The results verified the sub-assemblies would enable the design of a laser-optical initiation system that could be fielded for use in extreme conditions. The design package, which utilized the proven opto-mechanical sub-assemblies, was then tested to the same levels as the sub-assemblies. The test regiment encompassed the harshest environments currently utilized. Temperature tests were performed ranging from a maximum of +75 degrees C to a minimum of -55 degrees C, allowing for two hour soak at each temperature set point. Vibration tests were performed to a maximum level of 15.5 grms for forty seconds in each of three critical axes. Shock tests were performed to a maximum impulse level of 5700 G's for the sub-assemblies with a 1.1 millisecond long pulse; whereas the packaged laser system maximum level reached was 3700 G's at 1.1 millisecond long pulse. The laser-optical assembly was visually inspected and functionally tested before and after each test to verify survival. As designed, the system covers were laser welded shut for hermetic seal. The only open port was the laser output for testing and verification of laser performance. No optical cables were utilized. Therefore the visual inspection of the interior was performed post mortem. The post mortem results will be discussed as will the potential of redesigns on future packaging strategies.
INTRODUCTION
The objective is to document the post mortem results of two fully packaged laser assemblies (lasers). The lasers are flash lamp pumped, crossed-porro, Q-switched system equipped with an Nd:Cr:GSGG laser rod, see Figure 1 . The laser nominally operates at 1061nm with 80mJ output energy. Once built and tested for functionality and to determine a baseline the lasers were sent through environmental ruggedness tests. The lasers did not have a fiber optic cable connected during environmental testing instead a system of mirrors and detectors were used to capture data when the lasers were fired, see Figure 2 . The data was documented in the 2007 report. [1] To aid the laser functionality and the requirements of testing in harsh environments the material of the mounts, optic, and adhesive had to be close in coefficient of thermal expansion (CTE). Previous to use, studies were conducted on the materials separately and were shown to be good performers under the conditions required. Some of the sub-assemblies were also tested to the same environments prior to the assembly testing. All of the mounts used to hold the optics were custom designed discrete mounts with a pin and slot configuration to maintain alignment and aid in thermal conditions, see . The laser contains eight optical sub-assemblies of these the flash lamp, Q-switch, and a polarizing cube assemblies were environmentally tested. [2] Later in the testing the polarizing cube was found to be damaged by the laser power after 20-30 shots and was therefore replaced by a thin film polarizer (TFP) assembly. The TFP was never tested as a subassembly nevertheless; it was used in the laser assemblies tested. To accommodate the laser the TFP assembly contained a thick wedge for the laser beam to exit at 90° (± 3°) and maintained the same volume and mounting configuration of the cube. The environments were temperature, vibration, and shock performed in that order. The temperature cycle from -55 degree Celsius to +75 degree Celsius ramping two minutes per degree started at room temperature, to hot, back to room temperature then repeated for cold. The laser was fired to take data at 10 degree increments during testing. The vibration and shock were both tested at room temperature in all three axes and the laser was fired after each level of the tests was performed. The X axis is the optical axis and the Z axis is the position of the laser package in the top level assembly, see Figure 5 . Vibration was random levels peaking at 15.5 Grms. Shock testing starting at 1200g at 1.1ms duration until the function of the laser was expired or the shock table limits were reached. Once the lasers were completed with environmental testing the covers were machined off and the units were visually inspected. The subassembly and assembly data will be compared, the visual state of the assembly will be documented, and future packaging strategies will be discussed. 
Temperature Test
Temperature test was conducted in a 100,000 class clean room oven that was operated by a LabVIEW program. Liquid Nitrogen was used to cool the oven and prevent condensation from forming on the optics and the oven window. The oven had a window two inches in diameter to input an alignment laser and fold back out the same window; see Figure 6 . The same test stand was used for all components and assembly testing but each had its own test fixture that simulated the component placement in the laser. The laser assemblies do not have a fiber optic cable connection therefore the same type of configuration in the oven was used to test the lasers and an energy meter was used to gather the data. The same LabVIEW program used for component testing was used for the laser testing. The program incremented the temperature two degrees every minute and once the test temperature was reached the computer held the temperature for a two hour soak before the laser was fired and data taken, Table 1 .
Of the components tested only the Q-switch had a notable change in data over the temperature range. The transmission changed slightly with the temperature. There was no visible damage to the crystal and it returned to normal functioning once back at room temperature. It is theorized that the change was not significant enough to change the function of the laser. The lasers were baselined to document the optimal level to run the laser, see Table 2 Energy at pulse width 68.5mJ at 11.7ns 60mJ at 13.6 Table 2 : Laser Assembly baseline data 
Vibration Test
The vibration tests were ran the same as the component level testing as described in PS414282 per 4.3.3.18a, 15.5 Grms for 40 seconds per all three axes, Table 3 and Figure 12 . Refer to Figure 5 for the positioning of the laser axis during testing. The test range was 20 -2000 Hz with a 2.5 Hz resolution. The vibration testing was very uneventful. The only component that showed any notable changes was once again the Q-switch. The crystal moved slightly in the mount but did not show any signs of physical damage and the data gathered match the baseline data acquired prior to testing. It is to be noted that the Q-switch is not bonded with epoxy, it is held in place purely by compression of a Viton gasket under the top cover of the clam shell assembly. The gasket and mounting to the housing needs to apply enough pressure to the crystal to hold it in place but not too much otherwise it will change the structure and therefore the output of the crystal. There were no signs of visible damage and the energy and pulse width were the same after testing as the baseline for both lasers. 
Shock Testing
Shock testing was performed according to the same product specification (PS), previously mentioned, and then to failure. After the vibration test and prior to the shock test the lasers were tested functionally and visually to compare to the baseline data and no issues were found. The same configuration of mounting the laser to the test table was used as were the testing axes of laser, Figures 5 and 14 . The assemblies and all components survived the minimal requirement of the PS of 1200g at 1.1ms. The components were all run to failure in all axes whereas the lasers were split up. S/N 1005 was run to failure in the Z axis and S/N 1006 was run to failure in the X axis. To evaluate the margin the failure tests were increased by increments by 500g at 1.1ms, stopping at each increment to test the laser function with a three shot average for energy, Q-switch and optical profile, Figure 13 , and beam code image. Table 4 shows the results with both assemblies maintaining baseline until 2700g. Also, both assemblies had the same failure mode; no optical energy. It is to be noted that a short of the flash lamp was heard on the first 3 shot average taken and there was no optical energy generated for SN 1006. This also matches the data from testing the pump module assembly minus the laser rod. The flash lamp is assembled with a brass cathode, a Vespel anode, and bonded with Epo-Tek 302-3M. The Epo-Tek is to provide stability and cushion for the glass to metal seal, Figure 17 . In testing the flash lamp assembly during the component testing one broke at the cathode end at the glass to metal seal at 2700g in the +Z position, Figure 15 . this happens the break is audible and visible by the trigger voltage and current pulse, Figure 18 . Also, at the 2700g but in the -Z position one of the mounting screws broke through the Spectralon housing, Figure 16 . This assembly continued to 5700g and no further defects were noted. Once the laser covers were machined off it was noted that the flash lamp from S/N 1006 had exited the pump module and was cracked at the cathode end, Figure 20 , whereas S/N 1005 was cracked at the anode. 
Visual Inspection
The laser assembly stayed well intact during most of the testing sequence. The only major damage was to the pump module assembly and some minor cracking in the epoxy staking of components. The optics is bonded to the mounts and all attaching hardware was staked down prior to testing. EC-2216 is used to bond the optics into the mounts. This epoxy has low outgassing and a CTE which is a good match to both Invar (mount material) and fused silica (optical material). A study of this epoxy was conducted at KCP and found to be adequate for the laser assembly. [3] The flash lamp however is essentially a glass tube and the seal to the electrodes is the area of concern. With the component testing the flash lamp that failed was inspected by two ceramic engineers who found that the trigger wire of the failed flash lamp was wrapped tighter and had with more windings than the flash lamps that survived. No further studies were conducted on the failed flash lamps. Figures 19-20 show the laser assembly 1006 after the cover was machined off. The flash lamp ejected from the housing at a distance of about ¾ inch, note this laser was tested to failure in the X axis. 
Future Packaging Strategies
The laser assembly packaged tightly survived all requirements but when put to the extremes failed to have optical energy. Assemblies that were not tested separately were the wedge/waveplate, laser rod, porros, and TFP. None of which caused any issues with the functioning of the laser through the environmental testing. It is therefore concluded that the flash lamp is the weak link in the laser assembly at least in the mounting configuration tested. The Spectralon is a soft but durable material and gave too much flexibility to the flash lamp assembly as is visible by the mounting screws pulling through the material. Other possibilities of change would be the anode and cathode as they stop right at the joint of the glass to metal seal and may be more useful extended to prevent any bending or hard stop against the flash lamp. A new mounting configuration for the pump module is barium packed sulfate filter tube, Figure 19 -20, with mounting feet to hold the anode and cathode and the same epoxy will be used to bond the flash lamp electrodes to the anode and cathode. This type of pump module has been previously used in lasers but only in a lab environment. The new assembly is scheduled to be tested this year. As the assembly evolves environmental testing will be closely monitored and compared to the Spectralon housing design. 
